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Abstract

Background: Trisomy-18 is the second most prevalent autosomal aneuploidy after
trisomy-21. Trisomy-18 individuals present with major multisystem alternations
including craniofacial and musculoskeletal anomalies. The study of trisomic cases
provides us with magnified clues to the complex history of individual muscles
during development and also allows us to record the development of variable
human phenotypes more accurately.

Methods and Findings: In this study, we describe in detail the musculoskeletal
system of a premature female with trisomy-18 and compare it with previous
studies of trisomies-13, -18 and -21 as well as karyotypically normal individuals.
This study is a part of a long-term project aimed at contributing to the renaissance
of comparative anatomy in general and comparative myology in particular and
to a better understanding of both “normal” and abnormal development and its
links to evolution, and birth defects. Five head features suggested developmental
delay, supporting the idea that delayed development of the skeletal muscular
system may be a crucial diagnostic feature for all human aneuploidy syndromes.
More anomalies were found in the muscles of the upper and lower limbs than
in the muscles of the head. These included the fusion of some muscles and the
presence of supernumerary muscles such as the so-called "Langer’s axillary arch".
In general, there is uniformity between the anomalies observed in the dissected
fetus and in human fetuses with other trisomies. This supports Alberch’s ill-named
“logic of monsters” theory because one finds the same malformations occurring
in different syndromes, and moreover often mirroring phenotypes often seen in
the normal configuration of other organisms. Furthermore, there are other clear
cases of patterns found in human congenital malformations.

Conclusions: As noted above, the upper limbs often have more muscular defects
than the lower limbs, and many of human congenital malformations in human
trisomies are related with developmental delay. The study of trisomy thus
provides us with magnified clues to understand the evolution, development,
and pathology of human anatomical structures, and to discuss broader subjects
with major implications for both evolutionary and developmental biology and for
medicine.
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Introduction

Trisomy-18 (Edwards syndrome) is the second most prevalent
autosomal aneuploidy after trisomy-21 (Down syndrome) in live-
born infants [1]. Several studies estimated that the incidence of
trisomy-18 is between 1:3600 and 1:8500 of live births [2-4]. The
median survival of those born alive is 3 days with a survival rate
of less than 50% after one week and less than 10% after one year
of life [4]. Trisomy-18 results from disjunction of the maternal
chromosomes during second meiosis leading to an extra copy
of chromosome 18, which can produce different phenotypic
outcomes throughout the body [5,6]. The first reports of
musculoskeletal dissections of humans with trisomy-18 were
published in 1960 by Edwards et al. and Smith et al. [7,8] and
were followed by numerous clinical and autopsy studies that
described a characteristic constellation of anomalies associated
with the presence of an extra chromosome 18 [5,9-11]. Typical
trisomy-18 cases have major multisystem alternations including
craniofacial and musculoskeletal anomalies such as a prominent
occiput, low-set ears, short palpebral fissure, downward sloping
fissures, narrow oral opening, narrow palatal arch, narrow
bifrontal diameter, clenched fist with overlapping fingers,
hypoplastic skeletal muscles, underdeveloped thumbs, small
fingernails, short sternum, club feet, and rocker-bottom feet
[6,9]. Additionally, major heart malformations and profound
intellectual disability in the surviving older children were
reported [2].

Only a few, relatively detailed musculoskeletal descriptions of
trisomic human individuals have been published so far [5,9,10,13-
16]. Therefore, information on the anatomy of these individuals
is still scarce and there is a lack of detailed comparisons of
anomalies between individuals with different trisomies as well as
with other syndromes and with other species. Such comparisons
between congenital malformations from humans with a wide
range of syndromes as well as with non-human taxa, mainly
primates and other mammals, provide us with the possibility to
shed light not only on both normal and abnormal developmental
mechanisms and disturbances, but also on the evolution of our
own species [5,17-19]. This is the basis of a new field called
Evolutionary-Developmental-Pathology (Evo-Devo-Path), which
links development, comparative anatomy, human evolution,
morphological variations and defects, and medicine [15-20]. Evo-
Devo-Path research includes a combination of experimental/
developmental studies of non-human model organisms and
primate/human evolution, genetics and anatomy, mostly
concerning hard-tissues (e.g., skeleton and teeth). Moreover,
it pays a special attention to data obtained from chordate
comparative, developmental, and evolutionary anatomy, and
from the direct study of normal/abnormal human development
(using, e.g., cadaveric collections of hospitals, museums, and
other institutions), with a major focus on soft tissues such as
muscles.

Within the context of Evo-Devo-Path, in this study, we provide
detailed descriptions of the musculoskeletal system of a
trisomy-18 fetus, and compare them with other trisomic cases
reported by us and by others as well as with karyotypically normal
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human individuals. This study is also part of a long-term project
aimed at contributing to the renaissance of comparative anatomy
in general and comparative myology in particular [5,16,21,22].
We hope that it will contribute to a better understanding of
both “normal” and abnormal development, evolution, and birth
defects. In particular, the study of trisomic embryos, fetuses, and
neonates provides us with magnified clues to the complex history
of individual muscles during development and also allows us to
record the development of variable human phenotypes more
accurately.

Material and Methods

A female fetus was delivered prematurely (33 weeks and 6 days)
on December 17%, 2015, at Hospital Universitario Rio Hortega,
Valladolid, Spain. An urgent cesarean section was performed
due to decreased fetal movement in the previous 24 hours.
The birth weight was 1,200 g, crown-heel length 38 cm, and
head circumference 27 cm. The following characteristics were
reported directly after birth: pale skin, hypotonic muscles,
small low-set ears, short palpebral fissure, underdeveloped
thumbs, small toenails, and rocker-bottom feet. The mother
had normal, controlled pregnancy, and her age at the time of
delivery was 27 years. The fetus had serious medical conditions
and she was diagnosed as a low birth weight premature fetus
with trisomy-18. The parents were informed about the medical
condition of the fetus, and a decision was made to euthanize the
fetus on December 18™, 2015. The fetus was then donated to the
Valladolid University, and legal licenses were obtained by one of
us (FFP) for research on the fetus. The deceased fetus was stored
in the freezer and dissected in FPP’s lab at Valladolid University,
College of Medicine, Spain. Micro- and macro-dissections were
done and photos were taken for documentation using a Canon
EOS 70D camera with Canon EFS 18-200 mm lens. The fetus was
compared with the literature and our own work [5,16]. CT scans
were performed for the analysis of skeletal structures.

Results

Here, we describe various musculoskeletal structures based on
our dissections and based on CT scans for the analysis of skeletal
structures. These scans (Figure 1) show all calcified bones, and
were thus crucial to the preparation of the subsequent dissection
of all muscular and skeletal structures. Except for the reduced
size of the parietal bone and of the first metacarpal on both
hands, the skeletal system appeared to be normal (Figure 1).
The following textual anatomical descriptions of the muscles will
focus on the observed anomalies/variations, and will be brief
as they are complemented with the data provided in (Table 1)
and in the supplementary tables (S Tables 1-3), which include
information about the attachments and anatomy of each muscle.
It should be noted that all nerves associated with the muscles
described below were as described for the normal human fetal,
neonate, and adult phenotype [18].

Face and neck

The two bellies of the frontalis were very thin and fused in
the midline. The zygomaticus major and minor, levator labii
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superioris, levator labii superioris alaeque nasi, and levator
anguli oris were fused on both sides forming one muscle sheet
extending from the zygomatic bone and the inferior border of
the orbicularis oculi to the upper lip (Figure 2). We designated
this muscle sheet as the "complex triangle" (Figure 2). The left
omohyoid had an extra head that originated anterior to its
intermediate tendon and that runs lateral to the normal head to
attach onto the greater horn of the hyoid bone (Figure 3). The
stylohyoid was absent bilaterally. The depressor labii inferioris
and mentalis muscles seemed to be fused on both sides.

Chest, back and upper limbs

The infraspinatus and teres minor muscle were completely fused
bilaterally. On the left side only, a Langer's axillary arch was
observed, which is a muscle band extending from the lateral
side of the latissimus dorsi to the inferior side of the pectoralis
major near the insertion of the latter muscle onto the humerus
(Figure 4b). The abdominal portion of pectoralis major was
missing on the left side (Figure 4a). The deltoid muscle was
fused with the pectoralis major on both sides, forming the
deltopectoral complex. In addition, the fascia of the inner side
of the pectoralis major seemed to be fused with the fascia of the
short head of the biceps brachii (Figure 4c and 4d). The insertion
of the right pectoralis minor extended inferiorly to the fascia of
the coracobrachialis. The proximal end of the coracobrachialis
was completely fused with the proximal end of the short head
of the biceps brachii. The flexors of the forearm seemed to be
fused proximally, near their attachment at the medial epicondyle
of the humerus. The palmaris longus was absent on the right
side. The proximal ends of the flexor carpi radialis and flexor
digitorum superficialis seemed to be fused on both sides. The
fourth tendon of the flexor digitorum superficialis was absent
bilaterally. The four tendons of the flexor digitorum profundus

Figure 1 CT of female 33-week old fetus with trisomy-18 showing:
A) Facial bones; B) Bones of left hand with metacarpal
1 reduced in size; C) Anterior view of rib cage and
vertebral column; and D) Posterior view of rib cage and
vertebral column.
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Table 1 Muscle anomalies/variations observed in the trisomy-18 fetus.

Stylohyoid Bilaterally
Palmaris longus Right
Absent Fourth tendon of ﬂexo': d.lg.ltorum superficialis Bilaterally
to 5 digit
Fourth tendon of flexor digitorum brevis to the .
. Bilaterally
little toe
Head of omohyoid Left
Langer's axillary arch Left
Extra Abdominal portion of pectoralis major Right
Supernumerary muscle lateral to extensor .
L . Right
digitorum brevis
Frontalis Bilaterally
Zygomaticus major and minor, levator labii
superioris, levator labii superioris alaeque nasi,  Bilaterally
and levator anguli oris
Depressor labii inferioris and mentalis Bilaterally
Infraspinatus and teres minor Bilaterally
Fascia of inner side of pectoralis major and Bilaterall
fascia of short head of biceps brachii i
Proximal ends of forearm flexors Bilaterally
Proximal ends of flexor carpi radialis and flexor .
. S Bilaterally
Fused digitorum superficialis
Lateral belly of flexor dl'gl'torum profundus and Bilaterally
flexor pollicis longus
Proximal ends of extensor carpi radialis longus .
X Bilaterally
and brevis
Proximal ends of extensor pollicis brevis and .
. Bilaterally
abductor pollicis longus
Gluteus medius and tensor fasciae latae Bilaterally
Lateral ends of superior gemellus, obturator .
. s Bilaterally
internus, and inferior gemellus
Proximal 2/3 of fibularis longus and brevis Bilaterally
Distal end of abductor hallucis and medial Bilaterall
head of flexor hallucis brevis ¥
Muscle bellies of extensor hallucis brevis and .
. . Bilaterally
extensor digitorum brevis
Insertion of pectoralis minor extends inferiorly .
. g Right
to fascia of coracobrachialis
Tendons of flexor digitorum profundus split Left
more proximal than normal
. Flexor digitorum profundus had two bellies
Variant '
fused proximally: lateral belly had one tendon Right
to index finger and medial belly had three g
tendons to medial three digits
Thin brachioradialis Bilaterally
Underdeveloped hand lumbricals Bilaterally

split more proximally than normally on the left side. On the right
side, the muscle had two bellies fused proximally, the lateral
belly had one tendon to the index finger and the medial belly
had three tendons to the medial three digits. Moreover, the
lateral belly was fused proximally to the flexor pollicis longus
(Figure 5). The brachioradialis was very thin on both sides. The
extensor carpi radialis longus and brevis were fused proximally,
bilaterally. The extensor pollicis brevis was fused proximally with
the abductor pollicis longus on both sides. The four lumbricals
were underdeveloped, in both hands.
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Frontalis

Orbicularis
oculi

Complex
triangle

Risorius

Facial muscles of female 33-week old fetus with
trisomy-18 showing risorius, frontalis, orbicularis
oculi and the complex triangle, which includes fused
zygomaticus major and minor, levator labii superioris,
and levator labii superioris alaeque nasi muscles, on
\_ right (A) and left (B) sides. The square corresponds to 1 cmj

Figure 2

Figure 3 Anterolateral views of the neck of female 33-week
old fetus with trisomy-18 showing: (A) right omohyoid
muscle originating from scapula and inserting onto
hyoid bone (B) left omohyoid muscle originating from
scapula and inserting onto hyoid bone via two heads.

\ The square corresponds to 1 cm. Y,

Lower limbs

The gluteus medius seemed fused with the tensor fasciae latae
bilaterally. The superior gemellus, obturator internus, and inferior
gemellus appeared to be fused laterally. The extensor digitorum
longus and fibularis tertius as well as the fibularis longus and
brevis were fused proximally on both sides. The absence of
the forth tendon of the flexor digitorum brevis to the little toe
was observed bilaterally. The distal end of the abductor hallucis
was fused with the medial head of the flexor hallucis brevis on
both sides. A supernumerary muscle located lateral to the right
extensor digitorum brevis, originated from the cuboid bone and
sent a tendon to the dorsum of the little toe on the right side.
The extensor hallucis brevis fused proximally with the extensor
digitorum brevis bilaterally.
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- B

Left pectoralis
major

Right pectoralis
major with
abdominal part

Left pectoralis
‘major

Langer's
axillary arch

Latissimus dorsi
D

Reflected

pectoralis
major
Left

biceps
brachii

(A) Anterior view of the chest of female 33-week old
fetus with trisomy-18 showing right pectoralis major
with abdominal head and left pectoralis major lacking
abdominal head. (B) Lateral view of the left axillary
area showing Langer’s arch muscle originating from
latissimus dorsi and inserting onto pectoralis major. (C,
D) Anterior views of right and left arms showing fusion
between inner fascia of pectoralis major and fascia of

Figure 4

biceps brachii. The square corresponds to 1 cm.

\_
/

Fused right flexor pollicis
longus & lateral belly of
flexor digitorum profundus

Tendon of flexor
digitorum profundus Tendon of flexor
to index pollicis longus

Medial belly of flexor digitorum profundus
with 3 tendons to medial 3 digit

Figure 5 Anterior view of the right forearm of female 33-week
old fetus with trisomy-18 showing flexor digitorum
profundus with two bellies: medial belly sends 3 tendons
to lateral three digits and lateral belly fused with flexor
pollicis longus and sending tendon to index digit. The
square corresponds to 1 cm.

\_ J

Discussion

Some features commonly present in trisomy-18 individuals such
as the small low-set ears, short palpebral fissure, underdeveloped
thumbs, small toenails, and rocker-bottom feet [6-11] were also
observed in the dissected fetus. However, the trisomy-18 fetus
described here seemed to have fewer muscle anomalies and
skeletal deformities than other fetuses previously described
[5,7,9,10,14]. The most common and distinctive abnormalities
seen in the axial skeleton of trisomy-18 fetuses are the notching
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in the basilar part of the occipital bone and the reduced size
or agenesis of the nasal bones. Partial clefting, dislocation and
agenesis of vertebral bodies were observed in the axial skeleton
of other trisomy-18 fetuses [23]. Abnormalities of the upper and
lower extremities are not uncommon features of trisomy-18
fetuses, such as aplasia and hypoplasia of the radius and thumb
that were found in 5-10% of trisomy-18 infants [24]. Aplasia of the
radius, which is unique to trisomy-18 among human aneuploidy,
is usually associated with the absence or hypoplasia of the
first metacarpal and thumb, and is thought to be secondary to
vascular disruption of the radial artery [24]. In the dissected fetus,
hypoplasia of the first metacarpal was the only major observed
anomaly in the skeletal system on both sides, without association
with radius aplasia (Figure 1). The phenotype of trisomy-18
individuals may vary from typical trisomy-18 phenotype to
anatomically normal adult. Approximately, 2% of trisomy-18
cases have partial trisomy due to balanced translocation or
inversion inherited form one parent; mosaic trisomy-18 results in
a highly variable presentation [6].

Althoughtrisomies 18,13,and 21 areassociated with the existence
of three different chromosomes, the reviewed data showed
repeated patterns of muscle defects that occurin someindividuals
in each of the three conditions, which supports Alberch’s [25]
ill-named “logic of monsters” (LoMo). According to this theory,
phenotypic birth defects caused by completely different genetic
syndromes would tend to be similar to each other and also to
both natural variations and the “normal” phenotypes present in
other taxa. This similarity between anomalies, variations, and the
normal phenotype in different taxa would be associated with the
regulation of a conserved developmental program (e.g., a set of
genetic and/or epigenetic interactions) such that the structure of
these internal interactions constrains the realm of the possible
morphospace [25]. In principle, such a program can break down
in the evolution of some clades, but within most clades this would
lead to a very early death of the embryos [5,15,19,25].

Recent Evolutionary-Developmental-Pathology (Evo-Devo-Path)
studies and comparisons [15,20] support the idea that internal
constraints play a central role in not only normal, but also abnor-
mal, human development, and thus Alberch’s LoMo [5,15,20].
For example, concerning the anomalies found in the present
study, Smith et al. [5] described the absence of the stylohyoid
muscle in 25% of trisomy-13 individuals and 41.2% of trisomy-18
individuals; variation of the omohyoid in 29.1% of trisomy-13 in-
dividuals, and 42.3% of trisomy-18 individuals; variation of the
pectoralis major in 21% of trisomy-13 individuals, and 27% of tri-
somy-18 individuals; fusion of the deltopectoral complex in 81%
of trisomy-18 individuals; and variation of the pectoralis minor
in 38.5% of trisomy-18 individuals. They also reported absence
of the palmaris longus in 83% of trisomy-13 individuals, 88.5% of
trisomy-18 individuals and 85.7% of trisomy-21 individuals; varia-
tion of the flexor pollicis longus in 8% of trisomy-13 individuals,
50% of trisomy-18 individuals and 14.3% of trisomy-21 individu-
als; variation of extensor carpi radialis longus and brevis in 12.5%
of trisomy-13 individuals, and 38.5% of trisomy-18 individuals;
variation of the flexor digitorum profundus in 21% of trisomy-13
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individuals and 23% of trisomy-18 individuals; variation of the
lumbricals in 21% of trisomy-13 individuals, 35% of trisomy-18
individuals and 14.3% of trisomy-21 individuals; and absence of
the 4™ tendon of flexor digitorum brevis to 5" digit in 25% of
trisomy-13 individuals, 41% of trisomy-18 individuals and 40% of
trisomy-21 individuals. In addition, some of the observed varia-
tions were reported in karyotypically normal individuals [26,27]
such as the absence of the palmaris longus, which is a polymor-
phic feature within modern humans [13,15,28,29]. Other com-
monly observed malformations in trisomy-18 individuals were
not observed in the trisomy-18 fetus examined by us, including
the presence of the rhomboideus occipitalis in 30.8%, platysma
cervicale in 76.5%, mentohyoideus in 23.5%, pectoralis minimus
in 34.6%, tensor semivaginae scapulohumeralis (manubrium to
humeral head/scapula) in 38.5%, and flexor carpi ulnaris acces-
sorius (originating from middle of ulna and inserting with digiti
minimi onto 5% digit) in 24.6% of trisomy-18 individuals [5]. The
fact that many features found in some individuals are a) absent
in other individuals with the same trisomy and/or b) present in
individuals with other trisomies (as predicted by LoMo) makes it
very difficult to establish a defined phenotype characteristic for
each human trisomy.

It is often suggested in the literature about birth defects that
the lower limbs have less defects than the upper limbs, but it
is not clear if that suggestion reflects the reality of abnormal
development, or instead a bias as most studies tend to focus
more on the upper limbs. The compilation of anatomical
network studies including data obtained exclusively in studies
that described defects in both the upper limbs and lower limbs
of human individuals with limb birth defects (thus avoiding such
biases) suggest that the upper limbs tend effectively to have
more gross anatomical defects than the lower limbs. Namely,
within 316 defects compiled in studies including the head,
upper and lower limbs, the proportion of upper limb defects
(158, or 50%) was substantially higher than that of lower limb
defects (64, or 20% ) and of head defects (94, or 30% ) [5,15].
Moreover, Wood [30,32] also reported that muscle variations are
much more frequent in the upper than in the lower limbs of the
normal human population (292 vs. 119 cases in his sample, i.e.,
71% vs. 29%) [30-32]. In another study, a sample of 234 cases of
muscle defects compiled from studies including both upper and
lower limbs of humans with severe congenital malformations,
the proportion was respectively 165 (34, 2, 22, 42, 37, and 28
for pectoral, dorsal and ventral arm, dorsal and ventral forearm,
and hand, respectively) vs. 69 (4, 5, 2, 26, 12, and 20 for pelvic,
dorsal and ventral thigh, dorsal and ventral leg, and foot muscles,
respectively), so exactly also 71% vs. 29% [5,15]. Similar results
were observed in the dissected fetus: a total of 13 anomalies/
variations were observed in the right upper limb, 11 in the left
upper limb, 7 in the right lower limb, 6 in the left lower limb,
and 5 in the head and neck, including fusion between muscles,
absence of muscles/tendons, supernumerary muscles, hypotonic
muscles, and variations in origin or insertion (Table 1). These data,
including the information reported in the present study, thus
allow us to start defining a pattern within human musculoskeletal
malformations, which is crucial for further pathological and
developmental studies and useful for surgical procedures.
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Accordingly, within these limb birth defects there was also a
consistent pattern concerning muscle-skeleton attachments.
Most of the defects found in the upper (65% ) and particularly
lower (84% ) limbs are seen in the autopods and zeugopods,
which are mainly evolutionary innovations of tetrapods;
moreover, these more recent distal limb elements are
positionally specified by members of the Hox gene family (i.e.,
Hox 9 to 13) that are seemingly unique to vertebrates [15]. This
makes sense in an internalist view of evolution because these
phylogenetically more recent innovations are the last limb
regions to form in development and, therefore, more prone to
developmental changes, variations, and defects. It also makes
sense in a more externalist view of evolution, as the more distal
limb regions are more prone to evolutionary adaptive changes
due to their close contact with preys/substrate/objects. This link
between the order in which morphological structures appear in
evolution (phylogeny) and development (ontogeny), interactions
with the environment (ecomorphology), and thus evolvability
(adaptation) also supports the LoMo in the sense that it predicts
a parallel between the normal and variant phenotypes of normal
populations and defects in abnormal individuals [5,15]. Another
significant point supporting the LoMo is that, within the total
1,540 human muscle defects that have been compiled, 1,044
(68% ) are found on the left (522) and right (522) sides of a same
individual, while only 496 (32% ) are found on a single side [5,15].

The most interesting muscle structure observed in the described
trisomy-18 fetus was the Langer’s axillary arch, which was not
reported previously in trisomy-18 cases. Langer's axillary arch was
observed on the left side only, and extended from the lateral side
of the latissimus dorsi to the inferior side of the pectoralis major.
According to some authors, this muscle structure was described
first in 1783 by Bugnone as a muscular slip originating from the
latissimus dorsi and inserting onto the humerus together with
the pectoralis major [33,34]. Other authors reported that the
first description was given by Alexander Ramsay in 1795 as being
oblong and stretching from the pectoralis major to the latissimus
dorsi and teres major [26,27,33,35-38]. In 1846 Langer noted
its existence, and this muscle structure became of greater
interest after that study [34,35]. Later, Testut (1884) observed
what he referred to as the axillary arch of Langer [37]. More
recently, Langer’s arch has also been described by other
authors [23,33-42].

Langer’s arch was described as a rare muscular variation in the
axillary region [37,38,40,42,43]. However, Daniels and Rovere
[40] described it as the most common muscular variation in
the axilla. A frequency of 7% of this variant muscular structure
was mentioned in many anatomical texts. Nevertheless, some
authors argue that its frequency varies between 0.25% and
37.5% [33,35-39,41,42]. According to Besana-Ciani and Greenall
[36], the appearance of Langer’s arch is usually bilateral, but
can occur unilaterally and is more common among Chinese than
Caucasians and among females than males. However, in the
fetus examined in the current study and in many cases within
the reviewed literature [34,35,37-43] there is in fact a unilateral
appearance of the muscle.
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The origin, insertion, course, tissue composition, and dimensions
of Langer's arch are variable. It commonly arises from the
latissimus dorsi muscle, either directly as seen in our case or
indirectly with an intermediate tendon, or less commonly from
the serratus anterior muscle. Langer's arch most often inserts as
a single muscular band onto the pectoralis major and less often
onto the pectoralis minor, coracobrachialis, short head of the
biceps brachii, teres major, coracoid process, axillary fascia, or the
fascia of the arm [33,35,41,42]. In some rare cases it also extends
between the coracoid process and the long head of triceps brachii
[42]. Jelev et al. [33] summarized the three main characteristics
of a typical Langer's arch in their literature review: (1) it has a
constant origin from the latissimus dorsi muscle; (2) it inserts into
structures around the anterosuperior part of the humerus; and
(3) it crosses the axillar neurovascular bundle from dorsomedial
to ventrolateral [33,34]. The Langer's arch encountered in the
present study thus correspond to what seems to be its typical
form.

Various nerves in the axillary region have been reported
to innervate Langer's arch. The lateral pectoral nerve, the
medial pectoral nerve, the intercostobrachial nerve, and the
thoracodorsal nerve were reported to supply this structure
in different studies [33,40-42]. Some authors postulated that
innervation could vary depending on the site of insertion [35].
In our study the nerve supply of Langer's arch could not be
determined.

The evolutionary and developmental derivation of Langer’s arch
remains unknown, but the most reliable theory supports its origin
from the “panniculus carnosus”, which is an embryologic remnant
of a more extensive sheet of skin-associated musculature present
in most mammals and primates, lying at the junction between
the superficial fascia and the subcutaneous fat [17,36,38,40,41].
Some authors have however suggested an evolutionary and
embryological origin from the pectoral muscle mass because
they argue that the innervation of Langer's arch is frequently by
the medial pectoral nerve [40,42]. Again other authors suggested
that Langer's arch is a variation of the latissimus dorsi, due to its
topological position [35].

The fusion of the zygomaticus major and minor and levator
labii superioris was reported in 2 cases of trisomy-18 by Aziz
[44,45]. The seemingly fusion of the head muscles (two heads of
frontalis; zygomaticus major and minor, levator labii superioris,
levator labii superioris alaeque nasi, and levator anguli oris;
and depressor labii inferioris and mentalis) might be due to
developmental delay [5,21,44], as all these facial muscles are
2" branchial arch muscles that are developed from the same
primordium. That is, they normally become differentiated in
earlier developmental stages (in the embryo) [5,21,46], but a
delay in development could have kept them undifferentiated
until the later developmental stage of the fetus. The failure of
deltoid and pectoralis major to separate from each other was
reported only in trisomy-18 individuals, and is strongly suggested
to be also due to delayed development [14,44,45], because the
deltoid, teres minor, supraspinatus and infraspinatus arise from

6 Find this article in : http://www.imedpub.com/journal-anatomical-science-research/
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a common mass that is continuous with the pectoral mass [47].

The absence of the palmaris longus, the forth tendon of flexor
digitorum superficialis, and the forth tendon of flexor digitorum
brevis, which are common variations in karyotypically individuals
and are more common features in trisomic fetuses, can be
explained by the observation of Ramirez-Castro and Bersu [13].
According to these authors, it was observed that the primordia
of such muscles tend to be small or difficult to distinguish as they
develop from their respective anlagen, which is usually given as
the reason for their frequent absence. Because of a probably
decreased mitotic rate in human trisomic embryos, as evidenced
from in vitro studies, the primordia of these muscles would
be even smaller. This, in turn, could increase the frequency of
their absence [13]. In addition, the missing 4" tendons of the
flexor digitorum superficialis and flexor digitorum brevis in the
hands and feet of the dissected fetus and in other reports of
trisomic humans suggest developmental integration between
digital flexors in the upper and lower limbs, lending support
to the theory that hands and feet share similar developmental
mechanisms [5], likely due to derived integration that occurred
within the transitions from fins to limbs [48-51].

In summary, the present study of a trisomy-18 fetus and the
literature review, undertaken here to put it within a broader
context, thus allow us to start defining some patterns within
human congenital malformations, and particular within human
trisomies. In particular, there is a general uniformity between
the abnormal features observed in the dissected fetus and the
previously described cases of humans with not only trisomy-18
but also with trisomies 13 and 21. This support Alberch’s LoMo
theory, which stated that there is a logic or inherent “order”
even in severe birth defects and alterations of developmental
processes due to developmental constraints [5,15]. By compiling
the data presented in recent studies with the results obtained
from our previous works, we found that there seems to be
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